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TITLE OF THE INVENTION 
BEARING DEVICE 



BACKGROUND OF THE INVENTION 
Field of the Invention 
M Th e present invention relates to a bearing device having 

M 

O a rolling bearing fitted on a shaft. This bearing device can 

III 

4* be utilized, for example, in the fields of a vehicular hub unit 

C^P or a guide roller of the slide door of an automobile, and in 

M 

2 other general fields of bearing devices. 

9 

* W Description of the Related Ar t 

ft| 

^1 With reference to Fig. 17, a vehicular hub unit will be 

U 

described as one example of the bearing device. In this hub 
unit B, a double row angular contact ball bearing 82 with vertex 
of contact angles outside of bearing is fitted on a journal 81 
of a hub wheel 80. The free end of the journal 81 is 
rolled-caulked to bend radially outward. This bent caulked 
portion 85 is pushed onto the outer end face of an inner ring 
84 of the bearing 82. As a result, the bearing 82 is so fixed 
on the hub wheel 80 as to be prevented from coming out. 

The caulked portion 85 is so curved as to have an entirely 
roundish outer end face, as shown in Fig. 18. The curve at the 
outer end face of the caulked portion 85 has a single radius 
of curvature rO . 

The cylindrical free end of the journal 81 at the hub wheel 



1 



80 is rolled-caulked by using a caulking jig 90, as shown in 
Fig. 19. At this time, the leading end of the caulking jig 90 
is applied to the journal 81 and is rolled at a predetermined 
angle 0 on a single-dotted line O. As a result, the free end 
of the journal 81 is bent radially outward so that the inner 
M ring 84 is prevented from coming out by the bent caulked portion 



strictly managed. This outer end face of the caulked portion 
85 usually has a roundish shape. As a result, the shape of the 
caulked portion 85 may disperse for the caulking works. In an 
extreme case, the radially intermediate portion of the caulked 
portion 85 may leave and float over the inner ring 84. In this 
case, a resistance to a coming-out load, i.e., a coming-out 
resistance has a tendency to fall short. 



On the other hand, the outer end face of the caulked portion 
85 may be formed of a curve having a single radius of curvature 
rO. The caulked portion 85 of this outer end face shape is 
achieved by a caulking treatment under a substantially constant 
pressure from the initial to final stages of the caulking 
process. In this case, too, there occurs the aforementioned 
defect . 

Against this defect, it is conceivable to inspect the 
finished state of the caulked portion 85 visually after the 




shape of the outer end face of the caulked portion 85 is not 



85. 



In the example of the prior art thus far described, the 
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caulking treatment. Since the outer end face of the caulked 
portion 85 has the roundish shape, however, it is impossible 
to confirm from the appearance whether or not the floating state 
has occurred. 

SUMMARY OF THE INVENTION 
M : It is, therefore, a main object of the invention to provide 



Q a bearing device which improves the coming-out resistance by 

CP 

*¥* the caulked portion. 
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Another object of the invention is to provide a bearing 
device which not only improves the coming-out resistance by the 
caulked portion but also facilitates a decision even when the 
caulked portion is to be visually inspected. 

The features and advantages of the invention will become 
apparent from the description to be made in the following. 

According to a first aspect of the invention, there is 
provided a bearing device comprising: a shaft having one axial 
end formed into a cylindrical shape; and a rolling bearing fitted 
on the one axial end of the shaft, wherein the rolling bearing 
is so fixed on the shaft as to be prevented from coming out by 
rolling-caulking the one axial end of the shaft to bend it 
radially outward and by pushing the bent caulked portion onto 
the outer end face of the inner ring of the rolling bearing, 
and wherein the region at the outer end face of the caulked 
portion from the bending start point to the outer 
circumferential edge is formed of a composite curve joining 



r 



3 



curved surfaces of at least two different radii of curvature. 

In the bearing device of this first aspect, the radii of 
curvature of the individual curved surfaces of the composite 
curve are preferably set to the larger value at the radially 
outer side. 

p The caulked portion of this shape is specialized, for 

5 

example, by adjusting the pressure on the inner ring in the 

JS3R 

Li caulking process. Depending upon the caulking mode, the 

fill 

SI caulked portion can be pushed at its substantially entire area 

St 

□ substantially homogeneously onto the outer end face of the inner 
Rl ring, and the axial thickness can be enlarged as much as 

W 

□ possible. As a result, the coming-out resistance by the caulked 

ru 

portion can be increased more than the prior art. 

According to a second aspect of the invention, there is 
provided a bearing device comprising: a shaft having one axial 
end formed into a cylindrical shape; and a rolling bearing fitted 
on the one axial end of the shaft, wherein the rolling bearing 
is so fixed on the shaft as to be prevented from coming out by 
rolling-caulking the one axial end of the shaft to bend it 
radially outward and by pushing the bent caulked portion onto 
the outer end face of the inner ring of the rolling bearing, 
and wherein a flat face extending in a radial direction is formed 
at a predetermined region of the outer end face of the caulked 
portion . 

In the bearing device of this second aspect, the flat face 



4 



of the caulked portion is preferably formed at the axially 
outermost end of the outer end face of the caulked portion. 

The caulked portion thus shaped is pushed in its entirety 
to the inner ring in the process for forming the flat face so 
that the it can be easily fitted on the outer end face of the 
□ inner ring thereby to increase the coming-out resistance by the 
CO caulked portion more than the prior art. 

III Moreover, the flat face to be formed on the outer end face 

Mi 

H of the caulked portion can be said to provide a shaping feature. 

s 

JjJ This will be reasoned in the following. If the caulked portion 

l %Z 

Hi 

"J; were entirely fitted on the inner ring, the flat face would be 
fJJ neatly formed. If even a portion of the caulked portion were 
floating over the inner ring, the flat face would have 
undulations. If the state of the flat face is employed as a 
reference for the decision when the finished state of the caulked 
portion is to be visually inspected, therefore, the visual 
decision is facilitated. 

If the flat face is positioned at the axially outermost 
end of the caulked portion, on the other hand, it provides a 
reference plane for determining the axial width size of the 
caulked portion. By managing that flat face, therefore, the 
entire length size of the bearing device is easily set. On the 
other hand, the flat face provides a mounting reference plane 
for an object to be mounted on the bearing device of the 
invention, so that the axial size in the mounted state can be 
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managed highly accurately. 

BRIEF DESCRIPTION OF THE DRAWINGS 
These and other objects as well as advantages of the 
invention will become clear by the following description of 
preferred embodiments of the invention with reference to the 
r*« accompanying drawings, wherein: 

(!(} Fig. 1 is a longitudinal side section of a vehicular hub 

skit 

(,U unit according to a first preferred embodiment of the invention; 

In 

ts-tr 

M Fig. 2 is an enlarged section of the caulked portion of 

O Fig. 1; 

ry 

fll Figs. 3A to 3B present process diagrams for explaining the 

CO 

(3 caulking mode of the caulked portion of Fig. 1; 

ru 

Fig. 4 is a longitudinal side elevation of a rolling- 
caulking jig to be used in another caulking mode of the 
invention; 

Fig. 5 corresponds to Fig. 2 but shows a modified example 
of the first embodiment; 

Fig. 6 is a longitudinal side section of a vehicular hub 
unit according to a second preferred embodiment of the 
invention; 

Fig. 7 is an enlarged section of the caulked portion of 
Fig. 6; 

Figs. 8A and 8B present process diagrams for explaining 
the caulking mode of the caulked portion of Fig. 7; 

Fig. 9 is a longitudinal side section of a vehicular hub 
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unit according to a third preferred embodiment of the invention; 

Fig. 10 is an enlarged section of the caulked portion of 
Fig. 9; 

Figs. 11A and 11B present process diagrams for explaining 
the caulking mode of the caulked portion of Fig. 10; 

Fig. 12 is a longitudinal side section of a vehicular hub 
unit according to a fourth preferred embodiment of the 
invention; 

Fig. 13 is an enlarged section of the caulked portion of 
Fig. 12; 

Figs. 14A and 14B present process diagrams for explaining 
the caulking mode of the caulked portion of Fig. 13; 

Fig. 15 is a side elevation showing the shape of a 
rolling-caulking jig for achieving the caulked portion of Fig. 
7; 

Fig. 16 is a side elevation showing the shape of a 
rolling-caulking jig for achieving the caulked portion of Fig. 
10; 

Fig. 17 is a longitudinal side section of a vehicular hub 
unit of an example of the prior art; 

Fig. 18 is an enlarged section of the caulked portion of 
Fig. 17; and 

Fig. 19 is an explanatory diagram showing a rolling- 
caulking mode. 

In all these figures, like components are indicated by the 



same numerals. 

DETAILED DESCRIPTION OF THE INVENTION 
, [First Embodiment of the Invention] 
A first preferred embodiment of the invention will be 
described with reference to Figs. 1 to 3 . In these figures, 
reference letter A indicates the entirety of a hub unit as a 
bearing device. Here, the hub unit A is of the type to be used 
in a driven wheel of a vehicle. Reference numeral 1 indicates 
a hub wheel as a shaft; numeral 2 indicates a double row angular 
contact ball bearing with vertex of contact angles outside of 
bearing, as a rolling bearing; and numeral 3 indicates a caulked 
portion . 

The hub wheel 1 includes an annular plate 11 and a journal 
12 . On the annular plate 11, there is mounted a not-shown wheel . 
The journal 12 fits the bearing 2 thereon and has the caulked 
portion 3 formed at its axial end for fixing the bearing 2. 

The bearing 2 includes: an inner ring 21 having a single 
track to be fitted on a radially smaller outer circumference 
of the journal 12; a single outer ring 22 having two rows of 
track grooves; a plurality of balls 23 arranged in the two rows; 
and two crowned retainers 24 and 25. The bearing 2 is 
constructed to a radially larger outer circumference 12b of the 
journal 12 of the hub wheel 1 as one inner ring. The outer ring 
22 is provided at its outer circumference with a radially outward 
flange 26, through which it is irrotationally mounted on a 
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not-shown shaft case. 

This first embodiment is characterized in the shape of the 
caulked portion 3 of the journal 12 of the hub wheel 1. 

At the outer end face of the caulked portion 3, more 
specifically, the region from a bending start point Y to an outer 

p circumferential edge is formed of a composite curve joining 

ill 

CO curved surfaces of three different radii of curvature rl, r2 

M and r3, as shown in Fig. 2. These three radii of curvature rl, 

CO 

^1 r2 and r3 are preferred to have such relations that the radius 

3 

J;! of curvature of the curved surfaces on the radially outer side 

ill 

!*? is the larger, i.e., rl < r2 < r3 . 

(0 
r* 

j;j Here will be described a process for forming the caulked 

portion 3. First of all, the inner ring 21 is press-fitted, 
for example, on the radially smaller portion 12a of the journal 
12 of the hub wheel 1. Then, a cylindrical portion, as formed 
on the free end side of the journal 12, is rolled-caulked by 
using a caulking jig 90, as has been employed for describing 
the prior art with reference to Fig. 19. 

At this time, the caulking jig 90 is applied at its leading 
end on the journal 12 and is rolled on a single-dotted line O. 
Shown in Fig. 3A ~ Fig. 3C the first to last stages of the entire 
caulking process are divided into such three stages that the 
rolling angles 6 1 to 6 3 are set gradually smaller in the order 
of 01 > 02 > A3 as the process advances from the first stage 
to the third stage. 
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As a result, while the free end side cylindrical portion 
of the journal 12 is being bent radially outward, the caulked 
portion 3 changes the radii of curvature of its external end 
face sequentially to rl, r2 and r3 at the individual stages so 
that it takes the external end face shape having the composite 
^. curved surfaces, as shown in Fig. 2. 

f»jj Since the pressure is thus adjusted in the direction to 

til 

become sequentially weaker at the individual stages of the 

h§ caulking process, the entire area of the caulked portion 3 to 

% 4 

s abut against the outer end face of the inner ring 21 can be 

ill 

jfij pressed substantially homogeneously while minimizing the axial 

i y 

fn compression of the caulked portion 3, to make the entire axial 
ftp thickness of the caulked portion 3 larger than that of the 
example of the prior art . In the caulked portion 3 thus achieved 
in this caulking mode, therefore, the resistance to the 
coming-out of the bearing 2 can be made higher than that of the 
prior art. 

Here, the first preferred embodiment thus far described 
can be modified into the following modes. 

(1) In the first embodiment, the rolling angle for the 
rolling-caulking treatment is adjusted to form the composite 
curved surfaces on the outer end face of the caulked portion 
3 . By using a rolling-caulking j ig 90 1 shown in Fig. 4, however, 
the rolling angle may be fixed at a substantially constant value . 
The jig 90', as shown in Fig. 4, is presented for forming the 
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caulked portion 3, as shown in Fig. 2. The jig 90' has such 
an annular recess 92 in the outer circumference of a protrusion 
91 of its leading end that its inner bottom face is formed, for 
example, into composite curved surfaces having the three radii 
of curvature rl, r2 and r3 . By using this jig 90' , a 
I* rolling-caulking treatment at the predetermined angle 0 is 
performed in the mode, as has been described in connection with 

m 

the example of the prior art with reference to Fig. 19. In this 
modification, the shape of the inner bottom face of the recess 

"si 

IL 92 is transferred to the outer end face of the caulked portion 

fVi 

pi 3 at the final stage of the rolling-caulking treatment. 

m 

f»t (2) In the first preferred embodiment, the three composite 

f sb 

curved surfaces are formed on the outer end face of the caulked 
portion 3 but may be replaced by two composite curved surfaces 
or by more than three composite curved surfaces. 
(3) In the first embodiment, the outer circumferential edge 
side of the caulked portion 3 may be pressure more strongly at 
the last stage of the caulking process than at the preceding 
stages, to form the caulked portion 3 having a roundish shape 
on the outer circumferential edge side, as exemplified in a 
modification shown in Fig. 5. Since a higher pressure is 
applied in this modification at the final stage than at the 
intermediate stages of the caulking process, the axial 
thickness of the outer circumferential side of the caulked 
portion 3 is smaller than that of the aforementioned embodiment . 
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In this mode, however, it is possible to hardly cause the 
phenomenon that the outer circumferential edge of the caulked 
portion 3 comes out due to a springback immediately after the 
caulking treatment. As a result, the coming-out resistance of 
the bearing 2 can be enhanced from that of the aforementioned 
r" embodiment . 

W [Second Embodiment of the Invention] 

CO 

A second preferred embodiment of the invention will be 
I 1 -'* described with reference to Figs. 6 to 8 • The hub unit A to 
' be exemplified in this second embodiment is of the type to be 

car 

m 

used with the drive wheels of a vehicle and is interposed between 

fp 

}*[ a drive shaft 4 and a shaft case 5 of the vehicle. Specifically, 

PES 

,,p the journal 12 of the hub wheel 1 is attached to the drive shaft 
4, and the outer ring 22 of the bearing 2 is attached to the 
shaft case 5. In more detail, the journal 12 of the hub wheel 
1 is splined to the drive shaft 4 and coupled to the same by 
using a nut 6, and the outer ring 22 is coupled at its flange 
26 to the shaft case 5 by using bolts 7. 

In this second embodiment, the caulked portion 3 to be 
formed at the journal 12 of the hub wheel 1 has a radial flat 
face 3a formed at a radially intermediate portion W of its outer 
end face. This flat face 3a is formed into an annular shape. 
In this caulked portion 3, the radially inner region and the 
radially outer region of the flat face 3a are formed into 
roundish shapes. 
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In the caulked portion 3, the flat face 3a is located at 
the axially outermost position. As a result, the flat face 3a 
provides a reference plane for determining the axial width size 
h of the caulked portion 3 so that the entire length H of the 
hub unit A can be easily set by managing that flat face 3a. This 
flat face 3a further provides a reference plane for mounting 
a mounted object (e.g., the drive shaft 4) of the hub unit A, 
so that the axial size in the mounting state can be managed highly 
accurately. 

Here will be described a process for forming the caulked 
portion 3. First of all,' the inner ring 21 is fitted, for 
example, by press-fitting it in the radially smaller portion 
12a of the journal 12 of the hub wheel 1. Then, a cylindrical 
portion 12c at the free end side of the journal 12 is 
rolled-caulked as in the prior art. As shown in Fig. 19 
according to the prior art, more specifically, the leading end 
of the caulking jig 90 is applied to the cylindrical portion 
12c of the journal 12 and is rolled at a predetermined angle 
a on the single-dotted line O. As a result, the cylindrical 
portion 12c of the journal 12 is bent radially outward to form 
the roundish caulked portion 3, as shown in Fig. 8A. 

After this, a shaping press jig 100 is applied, as shown 
in Fig. 8B, to the caulked portion 3 having the shape of Fig. 
8A, and the caulked portion 3 is pressed under a predetermined 
pressure to form the flat face 3a on its outer end face. The 
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o 
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press jig 100, as used here, has a recess 101 in its leading 
end face, and the recess 101 has a bottom face formed 
substantially in parallel with a radial plane normal to an axis 
J of the press jig 100. Thus, the caulked portion 3 having the 
shape of Fig. 8A is pressed with the shaping press jig 100, and 
the radial flat face 3a*is formed in the radially intermediate 
region W on the outer end face of the caulked portion 3. At 
this time, moreover, the caulked portion 3 is pressed in its 
entirety toward the inner ring 21 so that it is well fitted on 
the outer end face of the inner ring 21. 
ry Thus, the caulked portion 3 is subjected to the 

m compression-shaping treatment by the press after the 

ci 

jfy rolling-caulking treatment so that its entirety can be pushed 
substantially homogeneously to the outer end face of the inner 
ring 21 thereby to retain a sufficient resistance to the 
coming-out load stably at all times. 

Although the shaping stability and the sufficient 
coming-out resistance of the caulked portion 3 can be retained 
by the caulking process thus far described, on the other hand, 
the caulking force may be insufficient if the pressing force 
becomes short. 

In order to find out this unlikely shortage, therefore, 
it is preferable to inspect the caulked portion 3 visually. For 
this visual inspection, the state of the flat face 3a of the 
caulked portion 3 is examined noting that the flat face 3a 
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provides a shaping feature. Here, the annular flat face 3a must 
be neatly formed if the caulked portion 3 is entirely well fitted 
on the inner ring 21 . If the caulked portion 3 partially floats 
over the inner ring 21, however, its flat face 3a is formed to 
have undulations. By employing the state of the flat face 3a 
as the decision standard for the visual inspection of the finish 

ir i 

•car 

□ of the caulked portion 3, therefore, the visual decision can 

w 

-P be easily made. When the flat face is found to be neatly formed, 
til for example, it can be decided that the entire caulked portion 
9 3 is nondefective because it is well fitted on the inner ring 
y; 21. If the flat face 3a is found to have undulations, on the 
g contrary, it can be decided that the caulked portion 3 is 
defective because its portion floats over the inner ring 21. 

If the flat face 3a is positioned at the axially outermost 
end of the caulked portion 3, as described above, it provides 
a reference plane for determining the axial width h of the 
caulked portion 3. By managing this flat face 3a, therefore, 
the entire length H of the vehicular hub unit A can be managed 
highly accurately. On the other hand, the flat face 3a further 
provides a mounting reference plane of the hub unit A for an 
object to be mounted, so that the axial size in the mounted state 
can also be managed highly accurately. 

[Third Embodiment of the Invention] 

A third preferred embodiment of the invention will be 
described with reference to Figs. 9 to 11. In this third 



15 



embodiment, the flat face 3a is formed in the radially 
intermediate region at the outer end face of the caulked portion 
3, and a tapered face 3b sloped at a predetermined angle 0 with 
respect to a virtual plane in the radial direction is formed 
on the radially outer region of the flat face 3a. 

Hp In order to form this caulked portion 3, a rolling-caulking 

iH 

p treatment is performed at first as in the foregoing second 

if?!) 

*p embodiment. As shown in Fig. 19 according to the prior art, 

L : 

lip more specifically, the caulking jig 90 is applied at its leading 
end to the cylindrical portion 12c of the journal 12 and is rolled 

^ ai- 
ry at the predetermined angle a on the single-dotted line O. As 

fsli 
E hi- 

($ a result, the cylindrical portion 12c of the journal 12 is bent 

M . 

flf radially outward to form the roundish caulked portion 3, as shown 
in Fig. 11A. After this, a shaping press jig 200 is applied 
to the caulked portion 3, as shown in Fig. 11B, to press the 
outer end face of the caulked portion 3 under a predetermined 
pressure to form the flat face 3a thereon and the tapered face 
3b, which is sloped at the predetermined angle Q with respect 
to the radial plane, on the radially outer region of the flat 
face 3a. The press jig 200 to be used herein has a recess 201 
formed on its leading end face and has a tapered face 202 
diverging toward the opening on the bottom corner of the recess 
201 . 



This third embodiment can achieve actions and effects 
similar to those of the foregoing second embodiment. In 
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addition, the outer circumferential edge of the caulked portion 
3 is pushed in the pressing process toward the inner ring 21 
so that the outer circumferential edge of the caulked portion 
3 can be prevented from any springback immediately after shaped, 
to ensure the coming-out resistance, as designed. 
j [Fourth Embodiment of the Invention] 

fear 

Cj A fourth preferred embodiment of the invention will be 

described with reference to Figs. 12 to 14. In this fourth 
&| embodiment, the flat face 3a is formed in the radially outer 
L region at the outer end face of the caulked portion 3. 

In order to form this caulked portion 3, a rolling-caulking 

'III treatment is performed at first as in the foregoing second 

r i n 

embodiment. As shown in Fig. 19 according to the prior art, 
more specifically, the caulking jig 90 is applied at its leading 
end to the cylindrical portion 12c of the journal 12 and is rolled 
at the predetermined angle a on the single-dotted line O. As 
a result, the cylindrical portion 12c of the journal 12 is bent 
radially outward to form the roundish caulked portion 3, as shown 
in Fig. 14A. After this, a shaping press jig 300 is applied 
to the caulked portion 3, as shown in Fig. 14B, to press the 
outer end face of the caulked portion 3 under a predetermined 
pressure to form the flat face 3a on the radially outer side. 
The press jig 300 to be used herein has a recess 301 formed on 
its leading end face so that the aforementioned flat face 3a 
is formed with the raised brim of the outer circumference of 
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the recess 301. 

According to this fourth embodiment, as in the foregoing 
second embodiment, there can be achieved such actions and 
effects that the shape of the caulked portion 3 is stabilized 
to retain a sufficient coming-out resistance, and that the 

^ decision at the time of a visual inspection is facilitated, 

O 

p Since the flat face 3a is not positioned at the axially outermost 

~ a, 

4;; end of the caulked portion 3, however, there cannot be achieved 

hah 

(Q such actions and effects that the axial width size of the caulked 

H 

5 portion 3 and the axial size in the mounted state can be easily 
rii managed. 

ni 

tfl Here, the foregoing second to fourth embodiments can be 

o 

Hi modified in the following manners. 

(1) In the foregoing second to fourth embodiments, the 
rolling-caulking treatment and the pressing treatment are used 
together to form the flat face 3a on the caulked portion 3. 
However, the caulked portions 3 of the second and third 
embodiments can be formed exclusively by the rolling-caulking 
treatment. In this case, the shape of the leading end of the 
jig 90 is devised, as shown in Figs. 15 and 16. More 
specifically, the modification of the jig 90 of Fig. 15 is 
constructed such that a slope 94 inclined at a predetermined 
angle 6 1 with respect to a virtual plane L extending in the 
radial direction is formed on the bottom of an annular recess 
92 between the protrusion 91 formed at the center of the leading 



18 



end face of the jig 90 and an annular brim 93 formed at the outer 
circumferential edge of the leading end face, and such that a 
curved surface 95 of a predetermined radius of curvature rl is 
formed in the recess 92 closer to the brim 93. Here, a curved 
surface of a predetermined radius of curvature R is formed in 

M the recess 92 closer to the protrusion 91. On the other hand, 

O 

D the jig 90 of Fig. 16 is substantially identical to the 

m 

4» aforementioned jig 90 of Fig. 15 but is different in that the 
W inner face of the recess 92 on the side of the brim 93 is formed 
■ of not the curved surface 95 but a slope 96 which is inclined 
l\\ at a predetermined angle 9 2 with respect to the slope 94. For 
jjj either of these jigs 90, the flat face 3a can be formed on the 
caulked portion 3 with the slope 94 by setting the angle 9 1 
of the slope 94 equal to the rolling angle a in the 
rolling-caulking process . With the curved face 95 and the slope 
96 of the jigs 90, on the other hand, the radially outer side 
3b of the caulked portion 3 is rounded or tapered. By using 
these jigs 90, the pressing step of the foregoing second and 
third embodiments can be omitted to lower the production cost. 

In the foregoing first to fourth embodiments, on the other 
hand, the bearing device has been exemplified by the vehicular 
hub unit but can be applied to all bearing devices such as the 
guide roller of a slide door of an automobile. 

While there has been described what is at present 
considered to be preferred embodiments of this invention, it 
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will be understood that various modifications may be made 
therein, and it is intended to cover in the appended claims all 
such modifications as fall within the true spirit and scope of 
this invention. 
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